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Abstract
Food waste has become a huge problem globally since thousands of different food items are wasted
all over the world which affects our environment severely due to the emissions of greenhouse gas
due to anaerobic decomposition and leakage at the garbage. Fruit wastes like the peels and seeds
are a major contribution to the waste products thrown everyday especially in juice industries.
The antioxidant and antimicrobial activities of food wastes have been of great interest nowadays
due to oxidative stress and antibiotic resistance problems. However the stability of the fruits or
vegetables wastes was a challenge to perform these activities under controlled release and remains
stable for long period of time. Therefore, the purpose of this study is to extract watermelon peel
using different solvents and examines its total phenolic content using Folin & Ciocalteu’s method.
The best solvent showed the highest TPC was methanol and selected for the tests below. The
watermelon peel extract (WPE) was mixed with polyvinyl alcohol (PVA) and used to fabricate
nanofibers (WPE/PVA). To the best of our knowledge WPE/PVA nanofibers have never been
reported before.
The main motivation behind this fabrication process is to enhance the antioxidant and antibacterial
activities of WPE and more importantly is to effectively use such fruit waste at nanoscale that gives
the WPE higher stability and controlled release that reached 72 hours. After successful preparation
of WPE/PVA nanofibers several parameters were carefully controlled such as applied voltage,
solution flow rate, and distance from the needle to the collector and needle diameter. The
WPE/PVA nanofibers were fabricated at different concentrations 0.1%, 0.5%, 1% and 2.5% of the
PVA weight. All the concentrations showed 100% ± 5 entrapment efficiency.
The antioxidant and antibacterial activities were effectively enhanced in WPE/PVA nanofibers
where the IC50 of the WPE/PVA nanofibers was 0.12 mg/mL while the IC50 of the WPE alone was
V

0.55 mg/mL so the activity was increased approximately 22% in the WPE/PVA nanofibers. While
in the antibacterial activity the WPE/PVA nanofibers showed 83.5 ± 0.9% inhibition of the E.coli,
however it showed in the WPE 70.3 ± 4.2% inhibition of the E.coli therefore the WPE/PVA
nanofibers is 1.2 folds higher activity that WPE. While for S. aureus the WPE/PVA nanofibers
showed 94 ± 0.8% inhibition, however it showed in the WPE 83.5 ± 1.12% inhibition of the
therefore, the WPE/PVA nanofibers is 1.12 folds higher activity than that of WPE. The PVA fibers
(unloaded) showed no significant inhibition activity in both E.coli and S. aureus. Characterization
of the waste content like phenolics, FTIR, SEM... etc before and after Nano-formulation were done.
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Chapter 1: General Introduction & Literature review
Food waste
Food waste has become a huge problem globally since thousands of different food items are wasted
globally. Food waste severely affects our environment because of the emissions of greenhouse gas
due to anaerobic decomposition and leakage at the garbage 1.
Nowadays about 1.3 billion tons per year of solid waste are produced globally which is expected
to be 2.2 billion tons by 2025, therefore the waste management costs will increase globally from
$205.4 billion to about $375.5 billion in 2025 which will be increased more than 5-folds in low
income countries, therefore food waste management is usually the largest budgetary item
especially in developing countries. Poor management of food waste leads to higher downstream
costs than it would have been costed to manage properly. Food waste rates are more in China,
some of Eastern European countries and the Middle East 2.
Food wastes also contribute to environmental problems such as flooding and air pollution, and
health problems such as respiratory problems, diarrhea and fever. Lack of effective management
of the food wastes leads to inability to manage other services like transportation, health and
education 2.
Recently the consumption of fruits and vegetables have been increasing in diet and human life,
because of the changing dietary habits and growing world population3.
It has been counted that China is the largest fruits producer with a world production contribution
of 20.39% then India with a world production contribution of 12.49% followed by Brazil and USA
(Table 1). Therefore in terms of fruits and vegetables wasting annually, China, the USA, the
Philippines and India generate approximately about 31.98, 14.95, 6.53 and 1.81 million tons
respectively (Figure 1).
2

Table 1 Fruits and vegetables world production contribution4.
Country

Percentage of wastes (%)

China

20.4

India

12.4

Brazil

6.6

USA

4.2

Italy

2.8

Philippines

2.7

Mexico

2.6

Spain

2.5

Indonesia

2.5

Turkey

2.3

Others

40.9

These huge amount of waste are either thrown down rivers or landfills that can cause bad smell
and pollution or used as feeding resources for animals like pigs and cattle 4.

Figure 1 Generation of fruit peel waste4.
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For the sake of understanding the morphology, physical and chemical properties of the fruit peel
waste, sophisticated analytical tools were used like Ultraviolet-Visible spectroscopy (UV-VIS),
Fourier transformed infrared spectroscopy (FTIR), Scanning electron microscopy (SEM) nuclear
magnetic resonance (NMR) ) and X-ray diffraction (XRD).
There are some basic chemical constituents that are always present in agricultural waste like
polysaccharides, pigments, cellulose, hemicellulose, proteins, sugars, starch, lignin and lipids at
which different functional groups are abundant like hydroxyl, carboxyl, sulfhydryl, and amino
groups 4.
Recently, the utilization of fruit and vegetable waste has been of great interest which has dual
advantages; one is to reduce environmental pollution while the other is to be used in many different
applications like raw materials for producing biochemical and biofuels and production of different
metabolites and enzymes 5. Fruits and vegetables peels have been also attractive sources of
natural dietary fibers and antioxidants since they are rich in polyphenols6.
Orange peel (OP) extracted from the orange (Citrus sinesis) (Family: Rutaceae) contains cellulose,
hemicellulose, chlorophyll pigments, pectin, lignin and other low-molecular weight compounds
(e.g. limonene). OP has been used to extract volatile and nonvolatile essential oils and flavors from
it. Recently, OP has been reported to have antioxidant, germicidal, , and anticarcinogenic activities,
therefore it can be used in skin inflammation, muscle pain, stomach upset and even in breast and
colon cancers 5.
Banana (Musa sp.) Family: Musaceae consists of hanging clusters in which each cluster has 3–20
hands with 20 fruits per hand. The fruit consists of about 25% dry matter and 75% water. Banana
is the second largest fruit produced worldwide at which India is the largest banana producer.
Banana peel (BP) constitute nearly 30–40% (w/w) of the fruit at which its main components are
4

cellulose, hemicellulose, pectin, chlorophyll and others. The ripe BP composes of: soluble sugars
(13.8%), total phenolic compounds (4.8%), crude protein (8%) and ether extract (6.2%) 5.
Lemon peel (Citrus limon) (Family: Rutaceae) its outer layer has a color that differs from green to
yellow and called flavedo. The spongy layer under the flavedo is called albedo that is rich in dietary
fibers. The Flavedo is rich in essential oils, therefore it has been used in flavoring and fragrance
industries 5.
Pomegranate peel (Punica granatum) recently has drawn attention to researchers due to its
antioxidant compounds like flavonoids and tannins which are responsible for its exceptional
healing qualities. Moreover its extracts’ antimicrobial activity were evaluated using both in-situ
methods and in-vitro agar diffusion method against food-borne pathogens. It was found that peels
extract of 80% methanolic was a potent inhibitor for Listeria monocytogenes, Yersinia
enterocolitica, Escherichia coli and Staphylococcus aureus. In addition, it showed that phenolics
and flavonoids were the potent constituents that gave the active growth inhibition of bacteria 7.
Mango is tropical fruit that is mostly found in India coming in the first place in its production.
Mango, is a seasonal fruit from which its peel was tested for its antioxidant activity in acetone
extract using different antioxidant tests like DPPH free radical scavenging activity. Results showed
that it’s IC50 which is the concentration that shows 50% scavenging activity of the radical (DPPH)
ranges from 1.39 to 5.24 g of gallic acid equivalents. Phytochemical analysis of the acetone peel
extract showed that it constitute polyphenols, anthocyanins and carotenoids 7.
Watermelon (Citrullus lanatus) family: Cucurbitacea, is a round oval tropical fruits that has
smooth dark green skin (peel), with pale green layer from inside called the rind. Watermelon
usually grow under warm conditions (during summer) then its pulp ( red part) is eaten by human
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while the major solid parts which are the peel, rind and seeds are thrown as a waste or used for
animals feeding 8.
The family Cucurbitaceae is the largest family since it contains about 120 genera of 825 species
mostly present in the tropical countries. It includes important vegetable crops that are sweet and
juicy fruit and grow in warm weather worldwide. Moreover, it is an important food source such as
water melon (Citrullus lanatus), pumpkin (Cucurbita pepo), cucumber (Cucumis sativa), melon
(Cucumis melo), Lag enaria siceraria (bottle gourd) and Luffa cylindrica (sponge gourd). The
watermelon (Citrullus lanatus) is one of the most important species that has high content of water
about 92% of its total weight. Citrullus lanatus is rich in phenols, flavonoids, saponins, alkaloids,
glycoside and tannins, therefore it has high nutritive values. Its pharmacological activities has been
studied by many scientist and researchers like antibacterial, antioxidant, antimicrobial, antifungal,
anti-inflammatory, antiulcer, gastroprotective, analgesic, hepatoprotective, and against
atherosclerosis and prosthetic hyperplasia 9.
The red carotenoid pigment of watermelon is rich in phytochemical and lycopene that act as
antioxidant and protects against cancer. Moreover it is rich in vitamins A (3%), vitamin B complex
(1-3%) as Niacin (Vit. B3), Riboflavin (Vit. B2), Thiamine (Vit. B1), Pantothenic acid (B5),
vitamin B6, Vitamin C (14%) and Folate (Vit. B9). Along with it minerals content which are
Magnesium 3%, Calcium 1%, Phosphorus 2%, Iron 2%, Zinc 1% and Potassium 2%. Also, it has
high unsaturated fatty acids and oils content. It have many essential amino acids like glutamine,
arginine and aspartic acid 9.
The watermelon brown seeds have a much higher nutritive values than the pulp. They can be used
in many different ways as drying, roasting and then eaten or used in bread after grounding into
flour which contains saponin and is also used as a detergent. The seed contains vitamin C, minerals,
6

fat, starch and riboflavin. Also it has high oil percentage that can be used in cooking. In West
Africa, the seeds are added as thickener to soups. They are also used to synthesize a sweetener
called ‘ogiri’ after fermentation. Recently it has been discovered that watermelon seeds oil has
significant antinflammatory activity. Moreover, after in-vivo experimentally induced benign
prostate hyperplasia in adult male rats the methanolic extract of watermelon seed showed
significant decrease in the enlarged prostate 10.
It has been discovered that the watermelon rind has an antioxidant activity due to its citrulline
(non-essential amino acid) content, also it can be converted to arginine that is by nitric oxide
synthase enzyme in the body synthesize nitric oxide that acts as a vasodilator (Figure 2) therefore
it is very beneficial for the cardiovascular system 11,12.

Figure 2 Citrulline and Arginine cycle13
Oxidative stress and antioxidant activity
A century ago it was discovered that the higher the metabolic rates of animals the shorter
their life gets which led to 'the rate-of-living hypothesis’ which states that the life expectancy
7

of a species is determined by its rate of metabolism. After the discovery that the mitochondria
is responsible for the production of the cell energy, therefore it consumes a lot of intracellular
oxygen producing the free-radical proving the rate-of-living hypothesis since when the
metabolic of a living organism increase the production of reactive oxygen species (ROS)
increases. 14
Oxidative stress caused by reduction of the atmospheric oxygen (O2) to result in either the
excitation of O2 to give singlet oxygen (O2 1) or produce hydroxyl radical (HO−), hydrogen
peroxide (H2O2) or superoxide radical (O2 −) which are called reactive oxygen specious (ROS)
due to the transfer of three, two or one electrons to O2 respectively. Oxidative stress due to
aerobic metabolism or exposure to ionizing radiation or radical-generating compounds that can
cause genetic damage, lipid peroxidation or protein oxidation if the antioxidants are insufficient
(Figure 3).

Figure 3 Diagram showing the oxidative stress15
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ROS then cause unrestricted oxidation to the cell to cause its oxidative destruction and ROS
accumulation in the human body. Oxidative stress causes many different health problems like
aging, cardiovascular problems, neurodegenerative disorders and even cancer. Cardiovascular
problems, like hypertension and atherosclerosis is one of the most common causes of death
worldwide 16,17.
The production of ROS is unavoidable, since normally under growth conditions ROS
production is low but under stress conditions its production increase due to the disturb of
cellular homeostasis.
It has been reported that the production of ROS is affected by the cell conditions (normal or
stress conditions) where it was found to be very high under stress due to the disturbance of the
cellular homeostasis17.
There are different cytosolic enzymes that cause oxidative stress such as the expandi ng family
of NADPH oxidases that generate a superoxide and was first discovered in the neutrophil. The
NADPH oxidases can either trigger cellular transformation or replicative senescence depending
on the NADPH oxidase expressed since different NADPH oxidase family can have different
biological outcomes which proves the complexity to determine the oxidants cellular response.
Besides the family of NADPH oxidase enzymes, like the family of nitric oxide synthase (NOS)
are used in normal cellular signaling and homeostasis 14.
Normally, the ROS produced in the body encountered by antioxidant physiological defense
system which can be enzymatic antioxidants (scavengers) like superoxide dismutase (SOD),
catalase and glutathione peroxidase. SOD works for the conversion of superoxide to hydrogen
peroxide then it can be converted to water by glutathione peroxidase and catalase. Other low
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molecular mass non-enzymatic molecules are also important in ROS scavenging which are
ascorbate, carotenoids, flavonoids, pyruvate and glutathione (GSH) which is very important.

Figure 4 ROS scavenging by SOD, catalase and Glutathion18.
GSH which is the reduced form it converted be glutathione peroxidase to the oxidized (GSSG)
(Figure 4) to covert hydrogen peroxide into two molecules of water

14 18

.

Hydroxyl radical (HO•) is mainly produced as a result of metabolism of O2 in the cell under stress
condition. It is thought that the hydroxyl radical is biologically formed in the redox cycling of
Fenton reaction (Figure 5), at which a number of transition-metal like Fe, Cu, Co, Ni and V are
used. The ferrous iron (Fe2+) reacts with hydrogen peroxide (H2O2) to give the hydroxyl radical
(HO•) and ferric iron (Fe3+) that can be converted to ferrous iron (Fe2+) through the Haber-Weiss
reaction when superoxide reacts with ferric iron (Fe3+) 19.

Figure 5 Fenton and Haber-Weiss reaction19.
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Lipid peroxidation is a process at which lipids, especially polyunsaturated fatty acids (PUFAs) that
contains carbon-carbon double bonds are being attacked by free radicals (oxidants), mostly lipids
are attacked by either hydroxyl radical (OH-) or hydroperoxyl (HO2-) and result in the replacement
on hydrogen atom with oxygen giving lipid peroxyl. After membrane lipid peroxidation, the cells
may promote its survival or induce its death depending on specific cellular repair capacities and
metabolic circumstances where the cells stimulate their survival if there is low level of lipid
peroxidation (below toxic conditions) by its antioxidants defense systems. However, the cells
induce its apoptosis (death) when there is moderate or high levels of lipid peroxidation (toxic
conditions) since its repair capacity is overwhelmed with the extent of oxidative damage. The lipid
peroxidation process (Figure 6) consists of three categories which are initiation, propagation, and
termination. In the initiation step, the removal of allylic hydrogen from a centered carbon atom
due to an oxidants attack forming a lipid radical (L.). Then in the propagation phase, an oxygen
atom reacts with the lipid radical (L.) to give a lipid peroxy radical (LOO.) which can react with
another lipid molecule to take a hydrogen from it giving a new lipid radical (continuing the reaction
chain) and lipid hydroperoxide (LOOH). Finally, in the termination reaction, a hydrogen atom is
donated to lipid radical by an antioxidants like vitamin E to give a radical vitamin E that can reacts
with another giving nonradical products 19.

11

Figure 6 Lipid peroxidation process. Step 1(Initiation), Step 2 (propagation phase), Step 3 the
lipid peroxy radical takes a hydrogen from another lipid molecule to give a lipid hydroperoxide
and new lipid radical and Step 4 (termination reaction)19.
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There are some dietary antioxidants that are present in fruits, vegetables, green tea and chocolates.
Vitamin C (Figure 7) (ascorbic acid) is an antioxidant that is water soluble and can be produced
by plants and some animals however, humans can’t produce vitamin C since they don’t have the
enzyme that helps in its synthesis (gulonolactone oxidase enzyme) so humans needs vitamin C
from supplements or natural sources in their diet.

Figure 7 Ascorbic acid chemical structure 20
Several studies hypothesized that vitamin C has a protective role against cardiovascular oxidative
stress at which the National Health and Nutrition Examination Surveys (NHENES) showed that
the risk of cardiovascular disease increases with low levels of serum vitamin C. However, other
studies like the Nurses’ Health Study, Iow Women’s Health Study and the Health Professionals
Follow-up Study and couldn’t find any protective effect against cardiovascular disease of vitamin
C which is due to the sufficient levels of vitamin C in healthy subjects with a good diet so have
maximum antioxidant effects therefore vitamin C supplements intake may have no extra benefits17.
Meanwhile other studies have shown that diabetic patients, elderly people, and cigarette smokers
have increased oxidative stress due to lower levels of vitamin C; therefore, vitamin C supplements
are needed for these people. Møller et al. showed that supplementation of vitamin C (500 mg/day)
decrease the DNA damage level in mononuclear blood cells. Moreover, Ramos and MartínezCastelao discovered that long term 1 g/day vitamin C supplementation prevented the increase of
LDL oxidation especially in hemodialysis patients who have decreased water-soluble antioxidants
13

due to the loss of low molecular compounds during the dialysis session. Therefore, it is advisable
to take vitamin C supplements but not overwhelming 17.
Vitamin E (Figure 8) (Alpha-Tocopherol) is another antioxidant that is fat-soluble, and there is a
hypothesis that it is a lipid peroxidation inhibitor. Some studies showed that its intake prevented
the free radicals generation. Moreover, supplemented rabbits with vitamin E and on high
cholesterol diet showed an increased level of plasma HDL levels 17.

Figure 8 Vitamin E chemical structure21.
The Nurses’ Health Study reported that vitamin E supplementation for more than 2 years resulted
in decreased risk of cardiovascular disease, but this effect was lost for shorter use periods or at
lower doses. The vitamin E administration orally for hemodialysis patients showed a lowering in
LDL levels, total cholesterol and oxidized LDL 17.
A variety of clinical trials were conducted to determine the effects of supplementation of vitamin
E. The Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) study was conducted to
assess whether beta-carotene (20 mg/day) and vitamin E (50 mg/day, 75 IU) alone or in
combination, cause the decrease in lung cancer incidence of approximately 30,000 quitted male
smokers aged 50–69 years. The lung cancer risk was increased in the beta-carotene group but
vitamin E supplementation showed an effect on the coronary heart disease incidence and showed
no significant improvement on nonfatal myocardial infarction. Negative results were given in the
Heart Protection Study, which compared supplementation with vitamin which are antioxidants (20
mg beta-carotene, 250 mg vitamin C and 600 mg vitamin E daily) with a placebo having about
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20,000 high-risk cardiovascular patients. However treatment with antioxidant increased
concentrations of the vitamin in the blood, it failed to show any protection effects for
cardiovascular diseases. Furthermore, in spite of the fact that vitamin E inhibits lipid peroxidation,
the excess administration of vitamin E to lipid emulsions can in-vitro increase lipid peroxidation.
Generally, it is thought that high vitamin E intake in adults has only minimal toxicity, although it
can affect the blood coagulation by interfering with vitamin K action. These results showed that
supplements of high levels of vitamin E can have potential harmful effect 17.
Polyphenols are compounds that have more than two –OH groups bonded to a benzene ring. They
are distributed in our diet: fruits, vegetables and beverage like tea, wine and cocoa which are used
by people daily. Polyphenols are categorized into several types depending on the benzene rings
number they have and on the elements that bind these rings to each other. The polyphenols types
are: flavonoids (e.g. catechins, anthocyanins and isoflavones), phenolic alcohols, phenolic acids
and lignans. Some experiments suggested the antioxidant activity of polyphenols and that they
may prevent oxidative stress to the cells. It was shown that polyphenols and cocoa in wine inhibit
the LDL oxidation. Furthermore, in-vitro studies have shown that the resistance of LDL to
oxidation is increased by LDL-bound polyphenols. A recent study reported that polyphenols in red
wine, like delphinidin, increase the relaxation of the endothelium by the activation of estrogen
receptor followed by nitric oxide signaling. Some human studies showed that polyphenols prevent
the oxidation of LDL. Supplementation with a mixture of caffeic acid, cathechin and resveratrol
showed decreased atherosclerosis in mice 17.
It has been reported that fruits and vegetables peels can be used as safer, better and effective
potential source of antioxidant 7 as previously discussed in the food waste section.
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Antibiotics resistance and antimicrobial activity
Antibiotics synthesis has accomplished a huge market in the past 30 years with new antibiotic
every day which surprisingly made us vulnerable to death even in hospitals because of the
emerging of resistant bacteria to these antibiotics, bacterial resistance phenomena is due to their
ability to mutate and translocate their genetic information. Antibiotics usually work using different
mechanisms of actions like suppressing multiplications, cell wall and protein synthesis but all of
these mechanisms depend of the genetic sequencing of the bacteria which can be changed due to
mutation, genetic induction or the most common way of DNA transfer is plasmid conjunction 22,23.
Antibiotics works on the micro-organisms as either are cytotoxic (kill) or cytostatic (prevent) to
give a chance to the immune system to kill the micro-organisms 24. There are five major targets
for antibiotic that are different or don’t exist in eukaryotic cells (including humans) therefore
antibiotics are nontoxic drugs which are: the cell membrane, the bacterial cell wall, DNA and RNA
synthesis, protein synthesis and metabolism of folic acid (vitamin B9). For example, the β-lactam
antibiotics like penicillins, carbapenems and cephalosporins inhibit the bacterial cell wall
synthesis. Also the aminoglycoside, tetracycline, macrolide and other antibiotics are target
antibiotics for the bacterial ribosome which is totally different from the eukaryotic ribosome 25.
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Figure 9 Mechanisms of antibiotics resistance25.
There are four general mechanisms (Figure 9) for antibiotics resistance to occur which are: efflux,
enzyme-catalyzed destruction, immunity and bypass and target modification. Efflux can occur by
the antibiotics ejection from inside the cell using the bacterial cell wall protein pumps. In
immunity, it prevents the binding of the antibiotic to its target through the use of proteins that
bound to either the antibiotics or their targets. Target modification occurs by either the targets
mutation like the topoisomerases target for fluoroquinolone antibiotics or by enzymes production
that can modify the targets of the antibiotic such as ribosomal methylation or in vancomycin
resistance where the cell-wall structure is changed. The inactivating enzymes are the most specific
mechanism for antibiotic resistance which are enzymes that modify antibiotics that result in the
elimination of its functional characteristics that enable their interaction with their targets like the
cleavage the core β-lactam ring in for example penicillin antibiotic using β-lactamases enzyme 25.
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In the battle against microbes and infections, antibiotics are a breakthrough that saved millions of
people. Over time, many varieties of the antibiotics have been discovered and used. In the mid20th century they were seen as the ‘wonder drug’. They called antibiotics as the Antibiotics magic
bullet that can kill targeted microbes and would not affect the host at the same time. Alexander
Fleming was the first who was cautious about the resistance against penicillin. Newer class of
antibiotics has been generated. Eventually because of the over and irresponsible use of antibiotics
the resistance to them appeared. Previously, the main action to the development of a resistant
strains is the production of new antibiotics. But now, the main approach is the modification of
existing antibiotics. In the developing countries, the antibiotics can be bought without prescription
and are available which is one of the crucial factors in the resistance 24.
In 1937 (Figure 10) the introduction of sulfonamides followed by the development of specific
resistance mechanisms counteracted their therapeutic use. Moreover six years after the
development of aminoglycosides a Staphylococcus aureus aminoglycoside-resistant strains was
developed. In 1961 Methicillin developed that was the first to target Staphylococcus aureus strains
of penicillinase-producing since it is a semisynthetic penicillinase-resistant penicillin. But
unfortunately, shortly a resistance to methicillin was developed which is called methicillinresistant Staphylococcus aureus (MRSA). Recently, after 44 years of introduction of Vancomycin
to the market, in 2002 it was found that Vancomycin-resistant Staphylococcus aureus (VRSA) was
developed 24.
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Figure 10 Representation of the onset of antibiotic development versus time to get antibiotic
resistance. Antibiotic discovery (green arrow), year of antibiotic resistance (right side), increased
antibiotic resistance and the discovery void (red arrow)24.
There is a hypothesis that antibiotics resistance is as a result of the use in agriculture of the similar
or same antibiotic compounds that are used clinically. Therefore the food can be the way of
transmission of bacterial antibiotic resistance between humans and animal. Also sometimes
antibiotics are administrated to animals parenterally or in their food and water which can be
carrying resistant microbe to that specific antibiotic like the use of antibiotics in cattle food to
promote their growth is believed that it increases antibiotic resistance 24.
Usually gene mutations is the result of the occurrence of the resistance process occurs at which
normally antibiotics cause a selective pressure (Error! Reference source not found.) on the bacteria
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o in order for the bacteria to resist its genes mutate to act with selective pressure. Bacteria have a
special quality that it can by transferring plasmids transfer genetic material from one to another.
Therefore, when antibiotics administrated it eliminate the most of the bacteria in colonies. But,
sometimes different colonies of bacteria can still be existed which are mutated genetically so it can
cause resistance. The antibiotic-resistant diseases was found to be directly correlated with the
consumption degree of antibiotic. Moreover the resistance development can also be as a result of
the failure of users to complete their course of the antibiotic treatment fully, so some of the bacteria
survive and gain more strength against the antibiotics 24.
Antibiotic resistant organisms not only a concern in the laboratory but they become a worldwide
threat which is responsible for life-threatening infections and high death incidences. The WHO
has warned that it will result in more infections and injuries that can result in death if we can’t act
against antibiotic resistance. Worldwide the multidrug resistant (MDR) bacteria cause more deaths
for example in USA, more than 63,000 patients die from hospital induced bacterial infection every
year. While in Europe, 25,000 patients die because of the multidrug resistant bacteria every year.
The MDR bacterial infection cause extra costs of healthcare and productivity 24.
There are no international guidelines for antibiotic practices yet. Therefore, it varies from one
country to another. Some countries like the United Kingdom offered guidance, while other
countries have to move toward new interventions. The WHO offered some recommendations like
in developing countries children should only use antibiotics for the treatment of cholera and severe
bloody diarrhea 24.
Bacterial infections treatments are becoming more needed every day. Antibiotics gain resistance
while Infections remain since the treatment become more failure due to antibiotic resistance.
Newer and effective antibiotics are in high demand to have no known bacterial resistance. Other
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alternative approaches for treatment are under consideration to kill the bacteria like passive
immunization or antibodies administration to non-immunized for the prevention of bacterial
infections that have been found effective. Many newer classes to fight antibiotic resistance of
antimicrobials are in clinical trials 24.
For a long period of time, especially in the last decade, plants have been known for their value as
a source of natural products that are benificail for human health at which more intensive studies
for natural therapies have been conducted. In Brazil the use in pharmaceutical purposes of plant
compounds is gradually increasing 22.
The use of plant extracts, which has protentail antimicrobial properties can be of intersting use in
therapeutic treatments. Recently, studies have been conducted to prove such efficiency in different
countries.Whereas many plants have been used due to their antimicrobial traits that constitue of
main products which are known by their active substances like the phenolic compounds.
In Argentina, a study tested the therapeutic treatments of about 122 known plant species. Results
showed that twelve of these plant extracts inhibited the growth of Staphylococus aureus, ten
inhibited the growth of Escherichia coli, and four inhibited the growth of Aspergillus niger 22. Also
in Brazil another study was conducted in which the inhibitory activity of 14 Brazilian plants against
methicillin-resistant Staphylococcus aureus (MRSA) strains were studied. The extracts that
showed the inhibitory activity from parts of T. avellanedae wood (purple trumpet tree) and Punica
granatum (pomegranate) were ethanol extract and its fractions (water, n-hexane, dichloromethane,
chloroform, ethyl acetate and n-butanol). Results showed that the highest activities were in the
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hexane and chloroform fractions from T. avellanedae and the ethyl acetate fraction from P.
granatum 26.
Therefore, plants have been used to treat a large number of diseases since ancient times by several
communities, including infections. Numerous studies have been conducted and discovered that
plants have the potential to be a source for production of new medicines which will have dual
benificial effetcs by decreasing the costs and improving the treatment quality. Since bacterial
resistance is increasing every day for antibiotics, plant extracts have been of high intreset to
researchers due to their great potential as antimicrobials to treatment resistant microbes infectious
diseases 22,26.
Nanotechnology
Nanotechnology is a multidisciplinary scientific and technological field for a rapid development.
New materials have been developed in chemistry, biology, physics and engineering using
nanotechnology. It is based on the size reduction of materials to nanoscale (10−9 m) so it’s
biological and physiochemical properties are modified, resulting in new applications. This
technology has proven to cause a revolution in several sections of science and technology since it
is based upon the formulation of small particle size to give large surface area which has unique
features and then high potential for applications 27.
Nanotechnology has been used by many industries. The main areas at which nanotechnology has
been used are in the application of pharmaceuticals, food, cosmetics, and finishes for surfaces and
textiles. Recently, nanotechnology has been used in a lot of fields such as nanoparticles delivery
systems that have many different roles such as carrying the functional materials to the site of
action, food ingredients and nano-encapsulated additives. Moreover it has been used for food
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ingredients and additives for better dispersion when they are water-insoluble and exhibit controlled
release 28.
The principle of using nanotechnology in processing of food is focusing on food preservation and
interactive foods which has been increasing lately. For example, nanoparticles have been used for
the incorporation of nutrients for their delivery, increasing their absorption by the body and also
increasing product shelf life
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. Moreover, it has been used in herbal medicine delivery system

since the extracts of these herbs such as tannins, flavonoids, and terpenoids are highly water
soluble and have high molecular size so they won’t be able to cross the lipid membrane or absorbed
which results in loss of their bioavailability and efficiency therefore by decreasing their size and
changing their properties through nanoformultation this problem can be solved. In addition, this
approach can have several advantages in the drug delivery system for example in protection of the
active ingredient against thermal- or photo-degradation, control active constituents, the release,
reducing the side effects and the ability to develop new substances by increasing selectivity and
efficacy 29.
The strategy of using nanotechnology to potentiate the plant extracts action has been widely used
lately which can also reduce the dose required, enhance a sustained release of active constituents
and decrease the side effects 29.
The nanostructured material (Figure 11) has been classified into four classes which are 0D, 1D,
2D and 3D since the main feature of nanomaterials is the dimensions at which nano is classified
as 10-9 number. 0D were all of its dimensions are in the nanoscale such as nanocluster in which
particles are separated from each other, 1D were one dimension is not in the nanoscale which gives
it the rode like shape which has been of increasing interest recently because of their potential
applications as they can be used in nanoelectronics and nanodevices, 1D such as nanofibers
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(nanorods) and nanotubes. 2D were two dimensions are not in the nanoscale such as nanofilms
and nanocoatings, they have a plate like shape. 3D were none of its dimensions in the nanoscale
but have the features of nanomaterials since they can be in the form of multiple nanosize crystals
where the 0D, 1D and 2D are close to each other and connected to form a bulk (3D)30

Figure 11 Nanomaterials classes30.
Nanofibers are one of the most important nanomaterials that have been extensively studied for
their applications in medicinal areas. They have been used as scaffolds in wound dressings, in drug
delivery systems, tissue regeneration or immobilization of enzymes 31.
The electrospinning technique is the one of the most important techniques in generating nanofibers
and provides the ability to control fiber diameter, surface area and the porosity of the nanofibrous
layer and basis weight (fiber weight per area). Electrospinning is a technique that is based on
applying a high voltage electrostatic field on a polymeric solution to produce fibrous polymer mats
with nanometers to several micrometers diameters range 31.
The electrospinning process (Figure 12) is based on the presence of an apparatus that includes: a
high voltage power supply, a syringe pump, a metallic needled, a silicon capillary tube, and a
collector (stationary plate or rotating drum). The high power supply is connected to the capillary
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tube that implicate a polymeric solution through electrical wires that also connect them to the
target. The target can be, rotating drums or copper plats covered with aluminum foil to collect the
fibers. The polymer inside the capillary tube is forced to the needle through the syringe pump by
an advanced pump that can supply the solution at the desired solution flow rate. By applying high
voltage in the system an electric field is generated between the collector and the needle at which
the needle is connected to an electrode that is opposite to the one connected to the collector, the
droplet at the tip of the needle creates what is known as the Taylor cone (conical protrusion)
causing the solution to overcome the surface tension and accordingly an emergent polymer jet is
generated to the collector and by the time it reaches the collector, evaporation of the solvent occurs
and dry polymer fibrous are deposited on the collector 32,33.

Figure 12 Schematic diagram of the electrospinnig process showing the SEM image of fibers
mat32.
There are several parameters in electrospinning process that can affect the nanofibers diameter
which are divided into solution parameters and electrospinning parameters. The first one includes
the viscosity and concentration of the solution (polymer percentage), molecular weight of the
polymer and the solvent used, while the second one includes the applied voltage (electric
potential), solution flow rate of the pump, the needle diameter and the distance between the tip of
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the needle to the collector. Therefore, by appropriately varying the above parameters, fibers can
be successfully electrospun with controlled diameters that can reach an unusually small diameter
ranging from 5 microns to 0.05 microns; this small diameter gives a beneficial effect of having a
high surface area. These characteristics can be used in a variety of applications, like wound
dressing materials, tissue regeneration, separation membranes, in nano-composites, like a
nonwoven fabric, artificial blood vessels and many other applications 33.
It was observed that changing the applied voltage below or above the optimum value could cause
the polymer drop to become unstable, and in both cases it would lead to beaded fiber morphologies
or inhibit the initiation of the polymer jet. This optimum value of the applied voltage depends on
the polymer type and solution parameters. Moreover, it was also observed that by changing the
solution flow rate, the diameter of the fibers changed to a certain limit, so the applied voltage has
to be optimized 34.
The polymer concentration is also a considerable parameter in electrospinning since if it was of
low concentration this would lead to the destruction of the jet produced due to the high voltage
and the surface tension into droplets before it reaches the collector while at increased concentration
the polymeric entanglements chain enhanced therefore nanofibers are formed. However, if the
concentration increased beyond the limit it would lead to increase of the fibers diameter 34.
Solvent selection is also a critical issue since there are two important factors that should be
considered which are the polymer solubility and the boiling point (volatility). Generally, volatile
solvents (low boiling point) are preferred since they are easily evaporated from the polymer before
it reaches the collector, however, highly volatile solvents might evaporate at the capillary tip
leading to its blockage. While in case of non-volatile solvent of high boiling points, it might not
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evaporate completely before it reaches the collector which might result in the coagulation of the
fibers at the boundaries 34.
One of the most popular used polymers is polyvinyl alcohol (PVA). It is a synthetic linear watersoluble polymer synthesized (Figure 13) by polyvinyl acetate full or partial hydrolysis resulting in
the removal of the acetate groups. Its chemical, physical and mechanical, properties depend on its
amount of hydroxylation. For example, the higher its hydroxylation degree the lower its water
solubility. Moreover, PVA usually forms hydrogels by crosslinking owing to its water solubility
which gives it the structural stability needed after it swells in the presence of water or biological
fluids. PVA has been commonly used in the textile industries, food packaging industry, and as
medical devices due to its low impact on the environment due to its high chemical resistance,
biodegradability and water solubility. PVA was also approved by the FDA to be used in close
contact with food products like using PVA films as a barrier in food packaging systems 35.

Figure 13 PVA synthesis from hydrolysis of polyvinyl acetate36.
Nanofibers (Figure 14) gained a special interest as drug delivery system since they first have large
surface area resulting in higher activity, secondly they can be manipulated such as changing their
diameter by varying the processing parameters which can regulate the release profile of the drug.
Nanofibers have incorporated many drugs such as antibiotics, anti-inflammatory agents, anticancer
agents, proteins and DNA to be delivered to their targets in the body 34. Xu and coworkers have
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used nanofibers for the delivery of Doxorubicin hydrochloride (DOX) which is an anticancer
water-soluble drug by incorporating it in polyethylene glycol- poly lactic acid copolymers which
helped in controlling the drugs release and sustaining it 37.

Figure 14 SEM picture of PVA nanofibers.
Another study incorporated soursop leaves ethanolic extract (SLE) with PVA that showed
enhanced antibacterial properties against E. coli, S. aureus and Enterobacter aerogenes. Therefore,
these studies showed the potential use of these nanofibers for wound dressing 39.
Therefore, the nanofibers gained so much interest over the past years since their preparation is
simple and offer an increase in the activity and stability of the incorporated drug/extract. The
characteristics of nanofibers can be controlled and varied during electrospinning. There are diverse
polymers so far that can be used in electrospinning, with limitless choice possibilities of polymers
to produce nanofibers from polymer blends.
On the other hand, many examples of nanofibers have been reported to produce fibers with
increased antioxidant and antibacterial activities of fruit waste extract.
In a study at which pomegranate peels were dried and extracted with methanol, water, ethyl acetate
and acetone and for 1 h. The antioxidant activity of each extract was tested and compared. Results
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have shown that the methanol extract had the highest antioxidant activity when compared to the
others while the Antibacterial activity against a few Gram-positive and Gram-negative bacteria
showed that acetone extract had the highest antibacterial activity, followed by methanol40.
In a study that used pomegranate peel and honey as antibacterial natural products and incorporated
them with PVA to produce nanofibers for wound dressing since they tested the activity against S.
aureus. Results have showed that the antibacterial activity increase with increasing the
concentrations of the pomegranate peel extract and honey41.
Garcinia mangostana extract (GME) was incorporated with polyvinyl (pyrrolidone) (PVP) that is
a hydrophilic polymer widely used to increase the solubility of the incorporated substance to
produce nanofiber mats in a study which showed that the nanofiber mats composite have strong
antioxidant activities therefore can be used in pharmaceutical and food industries as an antioxidant
product42.
Soursop is a tropical fruit in which its leaves ethanolic extract was used in a study to be
incorporated with PVA to produce nanofibers of average diameter 121-137 nm. The produced
nanofibers showed antibacterial activity against S. aureus which increased with increasing the
soursop leave extract concentration43.
In another study mangosteen (Garcinia mangostana L.) pericarp extract (MPE) which is a tropical
fruit that is cultivated in Southeast Asian countries. It was incorporated with Polyvinylpyrrolidone
(PVP) which is a highly soluble polymer that gives faster release to produce nanofibers that can
enhance the solubility of MPE. The nanofibers average diameter range was 387–586 nm and the
release was increased from 35%to 90% in 60 minutes. The nanofibers also showed increased
antioxidant activity the MPE alone 44.
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It has been discovered in different studies that watermelon pulp, seed, rind and peel has a very
high antioxidant activity

45–47

but none of these parts were nano-incorporated in the form of

nanofibers, therefore the aim of this study is to investigate the antioxidant and antibacterial activity
of watermelon peel and compare them to the activities of its nanofiber form.
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Chapter 2: Theoretical background and Materials & Methods
Theoretical background.
Nanofibers were characterized by different techniques in terms of the size, morphology,
composition and optical properties which are scanning electron microscopy (SEM) (FESEM, Leo
Supra 55 – Zeiss Inc., Germany), Ultraviolet–Visible (UV-Vis) spectroscopy (CARY 500 UV–
Visible Spectrophotometer) and Fourier Transform Infrared (FT-IR) (Nicolet 380-Thermo
Scientific).
2.1.1. Fourier Transform Infrared spectroscopy (FTIR)
This instrument is very useful in determining the functional groups present in the sample, since
infrared spectrum (0.7 µm to 1000 µm) contains the range of interest that vibrates the functional
groups (2.5 µm and 25 µm) (mid IR) as shown in Figure 15. FTIR doesn’t contain monochromatic
wavelength so it doesn’t jump from one wavelength to the other but it has what is called
Michelson’s interferometer48. This is done by splitting the IR beam (polychromatic) by a beam
splitter to two beams directed to two different mirrors one is fixed while the other is movable that
is helpful in changing the path length that cause variation in the optical intensity by time, The
radiation reflected back to the beam splitter from the two mirrors at which it goes from the beam
splitter to the sample then the detector.
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Figure 15 Fourir transform inferared spectroscopy49
If the distance from the beam splitter to the movable mirror is the same as that to the movable
mirror this is called zero bath difference at which constructive interference occurs (maximum
signal) as shown A in Figure 16 while if the movable mirror distance to the beam splitter is half
the distance from the fixed mirror to the splitter so destructive interference occurs (minimum
signal) as shown B in Figure 16. So by the movement of the movable mirror we get what is called
an interferogram which is the measurement of the intensity of the radiation that reaches the detector
that is then converted into a spectrum (Fourier transform process).
Therefore when the exciting radiation reaches the sample at different wavelengths, the sample
absorbs some of the radiations (depending on the type of vibration it needs according to its
functional groups) and transmits the rest of the wavelengths in order to compare the spectrum at
which the intensity of certain wavelengths will be dropped due to its absorption by the sample.
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Figure 16 A is constructive interference, B is destructive interference.
FTIR can be used to study solids, liquids, gases and powder at which in case of liquids and gases
they are placed inside a cuvette while in case of solids we use what is called the attenuated total
reflectance technique at which the solid is placed in an ATR crystal for the IR to reach it.50.
2.1.2. Scanning Electron Microscopy (SEM)
SEM is one of the most commonly and efficiently used techniques for nanofibers surface
morphology characterization. It depends mainly on the presence of an electron gun that emits an
electron beam to hit the sample of interest under vacuum conditions, after the collision between
the electron beam and the sample happens, a secondary electron beam emitted by the excitation of
the sample atoms that is very characteristic to the sample.
The instrumentation (Figure 17) consists mainly of an electron gun at which electrons emerge from
it, anode that has a positive electric charge and attracts the electrons from the electron gun. The
magnetic lenses used mainly as a condenser lens (not glass but a magnetic field wire coil) that
condenses the electrons in the right path, the objective lens that is the final lens before the sample
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that directs the electrons to the sample forming a secondary electron beam after collision with the
sample that is directed to a specific detector for it 51.

Figure 17 The operation principale of Sacnning electron microscopy
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This technique allows a nano-visualization of the sample, therefore it is very useful in measuring
the diameter of the fibers and compare different samples prepared under different parameters in
terms of structure (diameter)31.
2.1.3. DPPH assay
The DPPH (1,1-diphenyl-2-picryl-hydrazyl) method represents one of the most popular methods
in the evaluation of radical scavenging activity because of its simplicity and sensitivity. 52. This
method is based on the use of diphenylpicrylhydrazyl (DPPH) which is a stable free radical by the
delocalization of the lone pair electron over the whole molecule which gives a deep violet color
that absorbs at 517 nm in methanol solution. Adding an antioxidant substance that is capable of
donating a hydrogen atom to the oxidized diphenylpicrylhydrazyl gives rise its reduced form
diphenylpicrylhydrazine which causes the loss of the violet color and gives a pale yellow color
because of the presence of the picryl group as illustrated in Figure 18.

Figure 18 Diphenylpicrylhydrazyl (free radical) to diphenylpicrylhydrazine (non radical) 53.
There is a parameter that has been used recently for the interpretation of the DPPH test which is
the IC50 that is defined as the concentration needed of the sample that leads to 50% loss of the
radical activity (reduce 50% of the DPPH) 11,54.
The solvents that should be used in this experiment are either methanol or ethanol, since neither
of them seems to interfere with the reaction. When using other solvent systems, like acetone or
water they results in low reduction values 54.
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The DPPH reagent concentration in the stock solution should range from 50 to 100 µM (5 to 10
mM) that should be used in order to give absorbance values less than 1.0 (which means the light
intensity won’t be decreased more than its tenfold when it passes through the sample) 54.
The most commonly used DPPH method it to calculate the percentage scavenging of the DPPH
according to equation 5
𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5: % 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 = (1 − (𝐴𝑠⁄𝐴𝑐 ) × 100) {11}
The A control is the absorbance of the DPPH solution and the solvent without the sample while the
A sample is the absorbance after adding the sample to the DPPH solution 11,54.
In order to calculate the IC50 of the sample, serial dilutions of known concentrations were prepared
and their % scavenging activities were measured and plotted in a logarithmic plot and the resultant
equation 5 can be used to calculate the IC5011.
2.1.4. Folin-Ciocalteu (FC) method
Polyphenols in food have been of great interest recently due to their discovered health beneficial
that are may be due to their scavenging activity 55.
Polyphenol quantitative determination is very hard considering their structural variety and
entanglement but several methods have been adapted for the determination of the total phenolic
content in plant extract. UV/Vis spectrophotometric method has been very useful in the
colorimetric assay of polyphenols since it is rapid, easy and useable in routine laboratories 56.
Folin-Ciocalteu reagent reacts with the (redox reagent) phenolic compounds in plant extracts and
gives a blue color that can be easily quantified by Vis- spectrophotometer at the range of 690 to
710 nm 56.
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It consists of the oxidation of polyphenols by the molybdotungstophosphoric heteropolyanion
reagent that is yellow in color in alkaline solution by adding sodium carbonate to give
molybdotungstophosphate which is blue in color and can be colorimetrically measured as shown
in Figure 19 57.

Reduced folin

Folin reagent

Figure 19 Folin-Ciocalteu reaction
Gallic acid is usually used as a standard material at which serial dilutions of known concentrations
were prepared and assayed using the Folin-Ciocalteu method. A calibration curve can be construed
and used to determine the total phenolic content of the sample of interest in terms of gallic acid
equivalence 58.
Materials & Methods
2.2.1. Materials
All materials including solvents and reagents in this study utilized were bought from Sigma
Aldrich Germany and include: acetone, hexane and methanol (HPLC graded), certified reference
gallic acid, sodium carbonate, Folin & Ciocalteu’s (FC) reagent, 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) C18H12N5O6, Mw: 394.32, Polyvinyl alcohol (PVA) 87-90% hydrolyzed, average M.wt.
125,000, Phosphate Buffered Saline (PBS).
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2.2.2. Methods
2.2.2.1.

Samples preparation

Red Watermelon was purchased from the Egyptian market. The peel was separated from the rind
using a potato peeler then they were cut into small pieces. Samples were immediately dried with
the convection oven at 45°C for 24hours using a foil covered pan. The dried samples were milled
well using a normal kitchen miller11.
2.2.2.2.

Samples extraction

The peel and rind (Figure 20) were extracted using different solvents (methanol 100%, acetone
100% and hexane 100%) in which 5 grams of each powder were weighed to be extracted with 50
mL of each solvent and left for 24 hours then filtered using Whatman No. 1 filter paper to get the
extract11.
2.2.2.3.

Preliminary total phenolic content of each extract

This step (Figure 20) was done in order to determine which solvent has the highest extraction yield
and compare samples of both groups I and II. Briefly, 1 mL of each extract was added to 4 mL of
FC reagent (diluted 10 folds) and was left for 3 min. Then, 5 mL of 7.5% sodium carbonate
(Na2CO3) was added to the mixture then was shaken vigorously and was left for 30 min in the
dark. The absorbance of each sample was measured at 765nm using both distilled water and the
solvent without the extract treated in the same way as the sample. This test was done in triplicates
for each solvent with samples of peel and rind. The total phenolic concentration were calculated
using gallic acid calibration curve and the value of Gallic acid equivalent per gram plant extract11.
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2.2.2.4.

Gallic acid standard preparation for FC test

0.02 g of gallic acid was dissolved in 100mL distilled water to get a concentration 200 µg/mL then
was diluted to 100, 80, 60, 40, 20 µg/mL.

Figure 20 Peel and rind extraction with different solvents and FC test.
2.2.2.5.

Preliminary Antioxidant testing using 2,2-Diphenyl-1-picrylhydrazyl

This test was done in order to compare the scavenging activity of the methanol peel and rind extract
(Figure 21). In brief, 0.078 mg/mL of DPPH (7.8 mg of DPPH dissolved in 100mL methanol) was
prepared and 0.5 mL of it was added to a test tube containing 2 mL of either peel or rind diluted
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methanol extract then the mixture was left to stand for 30 min in the dark after shaking vigorously
and to measure their absorbance at 517 nm using methanol as the blank and a zero control mixture
of DPPH and methanol with the same amount as the sample

11

. The scavenging activity was

measured using the following equation 1:
𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1: % 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 = (1 − (𝐴𝑠⁄𝐴𝑐 ) × 100){11}
As is the sample absorbance
Ac is the control absorbance

Figure 21 DPPH test for rind and peel methanol extracts
2.2.2.6.
Preparation of watermelon peel methanol extract (WPE) loaded
electrospun PVA nanofiber mats.
WPE methanol extract was first freeze dried by dilution of the solvent with distilled water 5-10
times since methanol can’t be freeze dried under normal conditions so water helps in freezing the
extract. This step was done to procure the extract in powder form and get rid of the organic solvent
of the system. PVA solution ( Figure 22) was prepared by dissolving a known amount of PVA in
distilled water for 3 h at 80°C to prepare 10% solution and then left to cool. WPE was (0.1%, 0.5%,

41

1%, 2.5% and 5% of PVA weight) were added to the PVA solution and left on the stirrer overnight.
The mixture was placed in 10 mL syringe that was connected to a syringe pump to be electrospun
by connecting the positive electrode (emitting) to 10 mL syringe of 21 gauge stainless steel needle
and cover the negative electrode (collecting) copper plate covered with aluminum foil. The applied
voltage ranged between 15 to 25 KV, the solution flow rate was adjusted between 0.5 to 2.5 mL/h
and the distance between the tip to the plate collector was fixed at 15 cm. The collection time for
morphological study (SEM) was set between 5-10 min while for the rest it was 24hrs59.

Figure 22 Preparation of WPE/PVA nanofibers
2.2.2.7.

Preliminary DPPH test

Preliminary DPPH test (Figure 23) for the fibers to rule out the least activity concentration was
carried out. In brief, 0.1 mg/mL extract of each concentration was taken (200 mg of the 0.1%, 40
mg of the 0.5%, 20 mg of the 1% and 4 mg of the 2.5% ) and 2 mL methanol and 0.5 mL of 0.078
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mg/mL DPPH were added to each solution then the mixture was left to stand for 30 min in the
dark after shaking vigorously to measure their absorbance at 517 nm using methanol as a blank
and a zero control mixture of DPPH and methanol with the same amount as the sample, and at the
same time using the same method for the unloaded fibers (no WPE)11 as shown in equation 2.
𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2: % 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 = (1 − (𝐴𝑠⁄𝐴𝑐 ) × 100) {11}
As is the sample absorbance
Ac is the control absorbance

Figure 23 fibers DPPH test
2.2.2.8.

Entrapment efficiency (EE %)

Serial dilutions were prepared of the WPE, a scan was done using UV-Vis spectrophotometer to
determine its λmax and draw a calibration curve at this λmax. The entrapment efficiency of each
concentration was measured by suspended 100 mg of fibers in 3 mL distilled water and left
overnight then filtered and the absorbance of the filtrate was measured by UV-Vis at the λmax then
the calibration curve was used to determine the amount of WPE in the weighed fibers and the
entrapment efficiency (EE %) was determined using the following equation 3 60:
𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3: 𝐸𝐸% = ( 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛⁄𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 ) × 100
And the loading capacity (LC %) using the following equation 4:
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𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4: 𝐿𝐶% = (𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 ⁄𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑓𝑖𝑏𝑒𝑟𝑠 𝑢𝑠𝑒𝑑 ) × 100
2.2.2.9.

Release study

This study is to determine the time at which 100% of the WPE is released from the fibers, at which
50 mg of each fiber concentration (1% and 2.5%) were weighed and then 10 mL of phosphate
buffer saline (PBS) pH= 7.4 was added to each solution and incubated in a thermostatically shaker
at 37 °C and 100 rpm. Sampling of 2 mL of the solution were withdrawn at different time intervals
of 30 min, 1hr, 2hr, 4hr, 6hr, 12hr, 24hr and 72hr and the samples volume was replaced with fresh
PBS each time. This experiment was done in triplicates to determine the average reading and
calculate the release percent using WPE calibration curve 60 61 .
2.2.2.10.

Total phenolic content for the loaded fibers (WPE/PVA nanofibers)

1.0 mg of WPE was weighed and a weight of each fiber concentration (1% and 2.5%) containing
the same WPE amount (100 mg for the 1% and 40 mg for the 2.5%) was prepared. 4 mL of FC
reagent (diluted 10 folds) were added to each solution and left for 3 min. Then, 5 mL of 7.5%
sodium carbonate was added to the mixture then shaken vigorously and left for 30 min in the dark
and for 24hr for the fibers in order for the WPE to be 100% released. This experiment was done
in triplicates to determine the average readings (Figure 24).

Figure 24 TPC of WPE/PVA nanofibers
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2.2.2.11. DPPH test for the unloaded, WPE and WPE/PVA nanofibers 1% and
2.5%
Weighed amount of the unloaded, WPE and WPE/PVA nanofibers each concentration (1% and
2.5%) were measured that contain the same amount of WPE (0.1 mg) and was added to 2 mL
methanol and 0.5 mL of 0.078 mg/mL of DPPH then the mixture was shaken vigorously and left
to stand in the dark for 30 min and 24hr (for the nanofibers) (Figure 23). The IC 50 of the
concentration that had the best activity was measured by measuring its scavenging activity at
different concentrations and preparing an IC 50 curve.
2.2.2.12.

Antimicrobial test

All samples were sterilized under UV light for 2h to avoid contamination, then these samples were
spread over nutrient agar plates overnight at 37 °C to check their sterilization efficiency.
The pure WPE and its PVA nanofibers were tested for their antibacterial analysis against the
Staphylococcus aureus strain ATCC653A (Gram-positive bacteria) and the Escherichia coli strain
(Invitrogen) pHuLUC3/TOP10 (Gram-negative bacteria). The suspensions of the bacteria were
produced by growing its log phase in a nutrient broth medium39. A sterilized WPE, WPE/PVA
nanofibers and unloaded PVA nanofibers of different concentrations were dipped into the nutrient
broth containing the bacteria and spread into the agar plates overnight at 37°C to measure the
minimum inhibitory concentration (MIC) by counting the colony forming unit (CFU).
Statistical analysis.
All of the results were independently obtained from triplicates and the statistical analyses were
done by one-way ANOVA in Graphpad Prism Software. The results were separated by Tukey’s
test and significant means (P<0.05).
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Chapter 3: Results & Discussion:
Results
3.1.1. Preliminary total phenolic content (TPC) of WPE and WRE
In order to compare the effect of different solvents, the TPC of both the rind and the peel in each
solvent was measured after constructing the Gallic acid calibration curve (Figure 25) by solving
its equation 6.
𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 6: 𝑦 = 0.01𝑥 + 0.0157

Figure 25 Gallic acid calibration curve
Table 2 The mean TPC of the peel and rind in different solvents
Extraction solvent
Methanol peel
Methanol rind
Acetone peel
Acetone rind
Hexane peel
Hexane rind

Total phenolic content in
µg GAE/g
5024.2 ± 144.3
3732.5 ± 125.0
931.0 ± 20.8
604.3 ± 34.6
321.0 ± 65.1
101.0 ± 20.8
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Therefore as shown in Table 2 and Figure 26, the results were significant (P<0.0001) where
methanol extraction gives the highest TPC in both rind and peel which agrees with Kuanchertchoo
et al who worked on pomegranate peel and extracted it with different solvents and found out that
methanol had the highest activities (Table 11), however this oppose Ang et al results that showed
that the acetone is the best solvent for red watermelon rind extraction (Table 11). In all solvents
used in this study, the peel gave higher TPC than the rind, and hexane solvent showed the lowest
extraction of TPC than methanol and acetone. The TPC of the methanol peel extract was 25.7%
higher than the methanol rind extract. The TPC of the WPE was 5024.2 ± 144.3 µg GAE/g which
is a lot higher than Singh et al results that showed that the TPC of WPE was 306.0 ± 10.7 µg
GAE/g this difference could be since they used rotary evaporator to concentrate their sample which
may have caused some loss of the phenolic content62.

Figure 26 TPC of watermelon rind and peel in all solvents extract
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3.1.2. Preliminary Antioxidant testing using 2,2-Diphenyl-1-picrylhydrazyl
The average scavenging activity percentage of the methanol peel extract was higher than the
average scavenging activity percentage of methanol rind extract (25% higher) which was almost
the same percentage difference between the TPC of the methanol peel and rind extract. Therefore,
the peel methanol extract of watermelon (WPE) was better than its rind methanol extract in both
the TPC and antioxidant scavenging activity, so the peel methanol extract was selected for the rest
of the tests. By solving the equation in Figure 27 to calculate the concentration of the WPE that
gives 50% scavenging activity (IC50) = 0.55 mg/mL which doesn’t agree with Oiseoghaede et al
who extratced the watermeoln peel with 100% ethanol and calcultaed it IC50 = 2.1 mg/mL47 this
difference could be due to the difference in extraction solvent and time.
Table 3 Scavenging activity of rind and peel methanol extract
Methanol extract

Mean scavenging percentage

Rind (5 g/50 mL)

50.2% ± 0.5

Peel (5 g/50 mL)

67.1% ± 1.4

Table 4 Scavenging activity of different WPE concentrations
Concentration (mg/mL)

Scavenging percentage

0.05

4.2 ± 1.5

0.1

11.2 ± 3.4

0.15

21.8 ± 1.5

0.3

34.5 ± 2.6

0.6

53.1 ± 1.5

0.8

60.2 ± 3.5

1

66.0 ± 4.2
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Figure 27 The exponential representation of the scavenging activity of WPE with its different
concentrations
3.1.3. Preparation of WPE loaded electrospun PVA nanofiber mats (WPE/PVA nanofibers)
After electrospinning the WPE concentrations relative to the weight of PVA (0.1%, 0.5%, 1% and
2.5%) at different parameters, it was found that the best parameters (Table 5) that gave the smallest
diameter according to SEM images (Figure 28) and the corresponding histograms calculating the
average diameter. The diameter of all the WPE concentrations ranged from 135 to 185 nm at which
the concentration 2.5% gave the smallest average diameter (135 nm) while the concentration 0.5%
gave the highest average diameter (185 nm). A higher concentration 5% was tried but it gave
beaded results in all of its parameters, this shows that the best concentration of the peel was the
2.5% of the PVA weight.
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Figure 28 SEM pictures and histogram of WPE/PVA nanofibers in all the concentrations
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Table 5 WPE/PVA nanofibers best parameters
Parameter

Values

Voltage

20 KV

Flow rate

1.5 mL/h

Distance

15 cm

Needle

21 gauge stainless steel needle

3.1.4. Entrapment efficiency (EE %)
First, WPE calibration curve (Figure 29) was constructed of known concentrations at the λmax = 290
nm since it was the highest and most sensitive wavelenght for the WPE after UV-VIS scanning.
The entrapment efficiency of all WPE concentrations were 100% ± 3 with loading capacity (LC)
the same as their percentage concentration (for 0.1% its LC = 0.1% ± 0.05). These results

Figure 29 WPE calibration curve
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shows that the WPE is nonvolatile since usually in any nanofibers preparation the entrapment
efficiency should be 100 ± 5 % unless the drug is volatile or something wrong happened in the
sample preparation 63.
3.1.5. Preliminary DPPH test
The scavenging percentage of each WPE concentration results (Table 6) (Figure 30) shown are
significant (P<0.0001) at which the 0.1% activity was almost like the unloaded fibers which means
that the WPE extract remained trapped inside the PVA nanofibers since the extract to fibers ratio
was very low. Moreover, it was clear that as the concentration percentage increased the activity
increased although they had the same amount of WPE. The 0.5% concentration activity was very
low compared to the 1% and the 2.5%. The 2.5% showed the highest activity which might be
because the WPE didn’t remain trapped inside the fibers and also it had the smallest fibers diameter
therefore higher surface area so it gave the highest scavenging activity. In addition, the 1% showed
high results compared to the 0.1% and the 0.5%, therefore the rest of the tests will be done on the
1% and the 2.5% concentrations.
Table 6 Mean scavenging percentage of each concentration.
Concentration (% of PVA weight)

Mean scavenging activity

0% (unloaded)

1.1 ± 1.2

0.1%

4.3± 2.8

0.5%

12.1 ± 1.9

1%

28.0 ± 2.5

2.5%

45.0 ± 1.3
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Figure 30 Unloaded WPE and WPE/PVA nanofibers sacvenging activity
3.1.6. Release study
Both the 1% and the 2.5% (WPE/PVA nanofibers) had the same release pattern (Figure 31), they
were 100% released after 24h, also after 30 min they were 35% ± 2 released. Therefore, for fibers
further tests the waiting time should be 24h for full activity.

Figure 31 release profile of the 1% and 2.5% WPE/PVA nanofibers.
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3.1.7. FTIR Spectroscopy
All of the samples (Figure 32) had a peak from 3550 cm−1 to 3200 cm−1 that indicate the presence
of OH stretching intermolecular bond. The peaks in all the samples observed at 2940 cm−1 to 1418
cm−1 were corresponding to CH2 stretching alkane. The peak at PVA and WPE/PVA nanofibers
observed at 1711 cm−1 correspond to C=O stretching related to the aldehyde group from acetate
residues in the PVA while the peak observed at 1099 cm−1 in all the samples correspond d to C–O–
C (aliphatic ether) stretching. The peak observed at 1334 cm−1 in the PVA and WPE/PVA nanofibers
correspond to the C-C stretching
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. The WPE had all the peaks present in the PVA therefore the

intensity of the common peaks increased at the WPE/PVA nanofibers.

Figure 32 FTIR spectrum of WPE, PVA and WPE/PVA nanofibers
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3.1.8. Total phenolic content for the WPE/PVA nanofibers and WPE
The TPC of WPE, unloaded and each concentration results (Figure 33) (Table 7) have shown that
there are significant differences (P<0.0001) in the TPC of the unloaded, WPE, 1% WPE fibers and
2.5% WPE fibers. The TPC of the unloaded was very low compared to the others, the 2.5% WPE
fibers showed the highest TPC 20% higher than that of the WPE while the 1% WPE/PVA
nanofibers showed 6.5% TPC higher than the WPE and 14% lower TPC than the 2.5% although
they all had the same amount of WPE (1.0 mg).
Table 7 TPC of WPE (waiting time 30 mins), unloaded and each concentration (waiting time
24h)
Sample

TPC (mg GAE/g extract)

0% WPE (unloaded)

16.4 ± 9.7

100% WPE

196.3 ± 5.3 *

1% WPE/PVA nanofiber

210.6 ± 7.1 *

2.5% WPE/PVA nanofiber

244.3 ± 10.0 *

Figure 33 TPC of WPE, unloaded and each loaded fibers concentration.
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3.1.9. DPPH test for the unloaded, WPE, 1% and 2.5% WPE/PVA nanofibers.
The unloaded, WPE and the WPE/PVA nanofibers percentage scavenging at different time
intervals results in Table 8 and Figure 34 were significant (P<0.0001). There was almost no
scavenging activity for the unloaded while in the WPE the scavenging activity was 8.3 ± 5.5 after
30 mins which is a lot less than that for the WPE/PVA nanofibers in both concentrations. Moreover
the scavenging activity for the 2.5 % WPE/PVA nanofibers was approximately 11% ± 5 higher
than the 1% WPE/PVA nanofibers. The scavenging activities of both nanofibers concentrations
after 24 h were 64% ± 2 higher than that after 30 min which means that after 24 h the extract was
completely released (release study) so gave higher activity, which confirms the release profile of
them at which they were 35% ± 2 released, and that’s why they gave 35% ± 2 activity after 30
mins. Therefore, concentration that showed the highest scavenging activity was 2.5% WPE fibers
after 24 h. this means that due to the small diameter size in the 2.5% WPE/PVA nanofibers (135
nm) the activity was higher than that in the 1% WPE/PVA nanofibers and the WPE alone although
they had the same amount of WPE (0.1 mg/mL).
Table 8 WPE/PVA nanofibers percentage scavenging at different time intervals
Sample (0.1 mg/mL WPE)

Mean percentage
scavenging after 30 mins

Mean percentage
scavenging after 24 hrs.

0% (unloaded)

1.1 ± 1.2

...........*

100%WPE

8.3 ± 5.5

...........*

1% WPE/PVA nanofibers

18.2 ± 1.2

52.2 ± 4.3

2.5% WPE/PVA nanofibers

21.2 ± 5.6

56.5 ± 4.3

*no records after 24h because no WPE to be released
*no records after 24h because it was already released
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Figure 34 Scavenging percentage of the unloaded, WPE and WPE/PVA nanofibers
3.1.9.1.

IC50 of the 2.5% WPE/PVA nanofibers

Since the concentration 2.5% WPE of the PVA weight showed the best results, therefore its IC 50
was measured using the equation in (Figure 35) (IC50 = 0.12 mg/mL) which when compared to the

Figure 35 IC50 of the WPE fibers
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WPE IC50 that was = 0.52 mg/mL it showed 77 % increase in the activity since the concentration
needed to scavenge 50% of DPPH decreased by 4.3 folds. The IC50 of the fibers is almost the same
like Sangeetha et al found in Montmorillonite clay PVA nanofibers (MC is an inorganic material
that shows improvement in any polymer that was IC50 = 0.116 mg/mL65.
3.1.10. Antimicrobial test
Therefore as shown in Table 9 and Table 10 the results are significant (P<0.05) where different
concentrations of the WPE and WPE/PVA nanofibers were tested and showed increase in the
percentage inhibition of bacterial growth with increasing the concentration. The percentage
inhibition (E.coli and S. aureus) of the WPE/PVA nanofibers was higher than that of the WPE in
all the concentrations (Figure 36, Figure 37). The maximum WPE concentration that could be
reached in the fibers was 10 mg since more concentration would result in too many fibers and the
WPE won’t be completely released. The 10 mg WPE in the fibers showed 83.5 ± 0.9% inhibition
against E.coli, however it showed in the WPE 70.3 ± 4.2% inhibition of the E.coli therefore the
WPE/PVA nanofibers has 1.2 folds higher activity than that of WPE. On the other hand, the 10
mg WPE in the fibers showed 94 ± 0.8% inhibition against S. aureus, however it showed in the
WPE 83.5 ± 1.12% inhibition against S. aureus therefore, and the WPE/PVA nanofibers is 1.12
folds higher activity than that of WPE. The PVA fibers (unloaded) showed no significant inhibition
activity against both E.coli and S. aureus. The inhibition percentage of the WPE and WPE/PVA
nanofibers was higher in S. aureus (+ve) than in E.coli (-ve), the exact mechanism at which the
inhibition happens is still unknown but there is a hypothesis that the polyphenols inside bind to the
peptidoglycan layer (cell wall) in the Gram-positive bacteria and leads to distribution of the cellular
osmosis and ionic strength while in case of the Gram-negative there is an outer lipopolysaccharide
layer that protects the bacterial cell from polyphenols binding to its thin peptidoglycan layer 66
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which is supported by Kuanchertchoo et al at which the MIC for inhibition of pomegranate peel
methanol extract (PPP) for E.coli was 0.5 mg/mL which is higher that the MIC for S. aureus which
was 0.35 mg/mL40.
Table 9 Percentage inhibition of WPE and WPE/PVA nanofibers against E.coli
Concentration (WPE) WPE crud drug

WPE/PVA nanofibers

0.5 mg

3.7 ± 3.8

30.4 ± 5.2

1 mg

21± 2.6

36.6 ± 5.9

2 mg

27 ± 2

53.5 ± 5.7

5 mg

37 ± 4.3

65.4 ± 3.1

10 mg

70.3 ± 4.2

83.5 ± 0.9

Figure 36 The percentage growth inhibition of WPE and WPE/PVA nanofibers against E.coli
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Table 10 Percentage inhibition of WPE and WPE/PVA nanofibers against S. aureus
Concentration (WPE)

WPE crud drug

WPE/PVA nanofibers

0.5 mg

17.8 ± 1.2

34.8 ± 1.4

1 mg

33.3 ± 0.9

40.8 ± 3.8

2 mg

36.6 ± 0.8

49.3 ± 1

5 mg

50 ± 0.7

62.4 ± 1.4

10 mg

83.5 ± 1.12

94 ± 0.8

Figure 37 The percentage growth inhibition of WPE and WPE/PVA nanofibers against S. aureus
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Figure 38 WPE and WPE/PVA nanofibers antimicrobial activity
Discussion
Therefore, as shown for the results above the WPE methanol extract had the highest TPC and
antioxidant activity which agrees with Kuanchertchoo et al who worked on pomegranate peel and
extracted it with different solvents and found out that methanol had the highest activities (Table
11), however this oppose Ang et al results that showed that the acetone is the best solvent for red
watermelon rind (Table 11).
Moreover the WPE IC50 was found to be 0.55 mg/mL so shows lower activities than the
Watermelon fruit and watermelon seed45 46 (Table 11). The IC50 of the WPE/PVA nanofibers was
0.12 mg/mL, therefore the antioxidant activity of the WPE increased in its Nano-form. Also the
antibacterial activity of the WPE/PVA nanofibers was higher than that in the WPE alone.
Table 11 below shows the TPC, antioxidant and antibacterial of different fruit and fruit wastes to
be compared to our results.
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Table 11 Disscusion of WPE crude plant
Plant

Extraction
solvent

TPC

RWR, YWR, MMP,
WMP TBP and PEB

80% methanol
as extraction
solvent in 40
mins
extraction time
100% water,
ethanol,
hexane,
acetone
and
methanol for
5h extraction
time.
Methanol
(100%) using
rotary vacuum
evaporator to
concentrate

RWR, YWR, MMP, WMP
TBP and EBP were 1102.7,
1039.3, 3307.9, 3903.7, 818
and
918.2µg
GAE/g
respectively.
TPC of water, ethanol,
hexane
acetone
and
methanol extracts were 15,
10, 2, 20, 15 mgGAE/g
respectively.
Therefore the 100% acetone
showed the highest TPC.
TPC = 30.6 ± 1.1 mg
GAE/100 g
= 306.0 ± 10.7 µg GAE/ g

OP, AP, BP, KP and PP

85% methanol
for two days
extraction time

WF

HPLC grade
methanol
0.1%HCL
100%
methanol
100% ethanol

OP, AP, BP, KP and PP
were 13.17 ± 0.268, 11.48 ±
0.249, 9.66 ± 0.266, 5.89 ±
0.338 and 3.09 ± 0.133 mg
GAE/g respectively.
0.0041 mg GAE/g

RWR

WP

WS
CP, WP and GMP

Antioxidant activity

TPC = 6.45±0.05 GAE/g =
6450 mg GAE/g

PPP

100% water
,ethyl acetate,
methanol, and
acetone for 1 h
each at room
temperature

TPC of methanol, acetone
ethyl acetate and water
extracts were 460, 400,170
and 140 mg/g, respectively
Therefore the highest TPC
was in the methanol extract.

WP and WR

100%
methanol,
acetone
and
hexane.

For methanol extracts :
WP = 5024.2±144.3 µg
GAE/g
WR = 3732.5±125.0 µg
GAE/g
For acetone extracts:
WP = 931.0±20.8 µg GAE/g
WR = 604.3 ± 34.6
For hexane extracts:
WP = 321.0±65.1 µg GAE/g
WP = 101.0±20.8 µg GAE/g
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Antibacte
rial
activity

Rf.
67

11

Scavenging percentage
of water, ethanol,
hexane acetone and
methanol extracts were
13, 6, 15, 16 and 7 %
respectively.
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WF IC50 = 0.1 mg/mL

45

WS IC50 = 0.028
mg/mL
IC50 of CP, WP and
GMP were 4.1, 2.1 and
0.6702
mg/mL
respectively.
The methanol extract
showed the highest
activity 0.05 mg/ml
had 85% scavenging
followed by acetone
(80%) and ethyl acetate
(75%) then water
(65%)
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WRE = 50.2% ± 0.5
WPE = 67.1% ± 1.4
IC50 of WPE = 0.55
mg/mL
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MIC
of
methanol
extract
for:
S. aureus
was 0.35
mg/ml
Ecoli was
0.5 mg/ml
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For
S. aureus
the 10 mg
showed
83.5
±
1.12
%
inhibition
For E.coli
the 10 mg
showed
70.3 ± 4.2
%
inhibition

Current
study

List of abbreviations for Table 11
RWR : Red watermelon rind; YWR : Yellow watermelon rind; MMP : Mas hitam mango peel;
WMP : Water lily mango peel; TBP : Pisang tanduk banana peel; PEB : Pisang emas banana peel;
WP : watermelon peel; WR : watermelon rind; WF : watermelon fruit (pulp); WS : watermelon
seed; OP : Orange peel; AP : Apple peel; BP : Banana peel; KP : Kiwi peel; PP : Pineapple peel ;
CP : Cucumber peel; GMP : Golden melon peel; PPP : pomegranate peel; WPE : watermelon peel
methanol extract; WRE : watermelon rind methanol extract

To the best of our knowledge, there was no PVA nanofibers incorporating watermelon parts
extracts in the literature. Table 12 shows the average diameter, EE, release, the TPC, antioxidant
and antibacterial of different nanofibers samples to be compared to our WPE/PVA nanofibers
results, different results than ours could be due to:
a) Different crops from different countries of different climate ex India, Malaysia, Nigeria,
b) Different solvent percentage (some studies used 80% methanol not 100% like us).
c) Different extraction time.
d) Some studies used rotary vacuum evaporator that may cause some loss of the phenolic
content.
e) Some studies didn’t measure the entrapment efficiency which might have been less than
95%.
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Table 12 Disscussion of WPE/PVA nanofibers.
Sample

Extraction
solvent
and
polymer used

Average
diameter
(AD)

MFH

Distilled
water
then dried and
incorporated with
PVA
in
concentrations
2.5%, 5% and
10% of the PVA
weight.
Ethanol extract of
leaves
was
incorporated with
10% PVA at
concentrations
8%, 12% and 14%
(w/w).
10%
PVA
nanofibers
at
concentrations
2.5, 5, 7.5 %
(w/w)
8%
PVA
to
produce nanofiber

2.5%
=
159.6
±
43.1 nm.
5%= 176.2
± 58.7
10%
=
140.7
±
52.7
AD of 8, 12
and
14%
wt/PVA
were 137,
132
and
121 nm

SSL

Gallic
acid

Ciprofl
oxacin
as
antibiot
ic drug

APM

MC

PPP
with
honey
(H)

WPE

10% PVA at
concentrations
1%, 5%, 10%,
30%
5% PVA

100% methanol
extract
With PVA
In concentration
(10% MH/ 1%
PPP), (20% MH/
2% PPP), (25%
MH/2.5% PPP)
100% methanol
extraction
10% PVA with
0.1%, 0.5%, 1%
and 2.5 wt%/PVA

Entrapment
efficiency
(EE)
and
release
EE of 2.5, 5
and
10%
were 9.6, 9.7
and 10.8%
w/w
Completely
released after
2h

TPC

and/or

Rf.

69.

70

from
1-5
microns
(1000-5000
nm)

Completely
released after
48h

The
average
diameter
range
of
200–
300 nm

EE = 98%
Release:
98.7% of the
drug
released after
7h
and
sustained
until 24h

2.5, 5, 7.5 %wt =
35.01 ± 7.55, 42.23
± 9.06, and 44.42 ±
2.84 mg GAE/g
extract respectively

EE of all
WPE
concentratio
ns
were
100% ± 3
Complete
release after
24h.

7.5 wt% had highest
antioxidant activity 48.58 ±
0.19% then 2.5% was 45.24
± 5.42% and 5% was 47.98
± 2.78%)
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1, 5, 10, 30% were
2, 3.7, 5.3, and 7.9
mg
GAE/g
respectively
The
AD
range
of
150-200 nm
10% MH/
1% PPP =
230 – 880
nm
25%
MH/2.5%
PPP = 315 –
1678 nm
AD of 0.1,
0.5, 1 and
2.5
%WPE/PV
A were 140,
185,
152
and 135 nm

Antioxidant
antibacterial

TPC of WPE, 1 and
2.5%WPE/PVA
were 196.3 ± 5.3,
210.6 ± 7.1 and
244.3 ± 10.0 mg
GAE/g
extract
respectively.
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The scavenging activity of
the 30% (4.5mg extract) =
39.8 % which had the
highest activity
IC50 of the fibers were 116
µg/mL = 0.116 mg/mL
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The number of colonies of S.
aureus and Ecoli decreased
with
increasing
the
concentration
so
the
concentration
25%
MH/2.5% PPP) showed the
lowest number of colonies

41

Scavenging activity of 1%
and 2.5%WPE/PVA (0.1mg
WPE) were 52.2 ± 4.3 and
56.5 ± 4.3 % respectively.
IC50 of 2.5%WPE/PVA =
0.12 mg/mL Antimicrobial
For S. aureus the 10 mg
showed
94
±
0.8%
inhibition
For E.coli the 10 mg showed
83.5 ± 0.9% inhibition

Current
study
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List of abbreviations for Table 12
MFH : Mangosteen fruit hulls which is a tropical fruit in Southeast Asia; SSL : Soursop fruit leaves
which is a tropical fruit; APM :Apple pomace which are the residues remained after pressuring the
apple for juice production; MC : Montmorillonite clay which is an inorganic material that shows
improvement of any polymer; AD : Average diameter ; EE : Entrapment efficiency
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Chapter 4

Conclusion
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4. Conclusion
The solvent that gives the highest TPC in the watermelon rind and peel was methanol. Watermelon
peel showed higher TPC and antioxidant activity than watermelon rind. WPE fibers was
formulated with 10% PVA and the best concentration was 2.5% of the PVA weight with average
diameter 135 nm, higher concentrations (5%) of the WPE were tried but showed beaded fibers in
all the parameters. The WPE was released from the fibers (100%) after 24h which is sustained till
72h. The IC50 of the WPE was 0.55 mg/mL whereas the IC50 of the WPE/PVA nanofibers showed
improvement to be 0.12 mg/mL therefore it can be used in cosmetics and packaging. FTIR showed
that WPE is reach in OH group (phenolic). The antimicrobial activity of the WPE/PVA nanofibers
in all the concentrations in both E.coli and S. aureus was higher than that of the WPE. Therefore
the WPE/PVA nanofibers antioxidant and antimicrobial activities were higher than that of the
WPE which also shows sustained release.

68

Future recommendation
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Future recommendations
1. Fabricate the WPE with chitosan/PVA or any other polymer that could incorporate more
of the WPE with no beads.
2. Test the rind and the rind fibers antimicrobial activity.
3. Try antibacterial testing with zone of inhibition method
4. Animals wound dressing testing.
5. Try the WPE fibers in cosmetics and packaging due to its high antioxidant activity and
stability.
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